The atmospheric transmission characteristics influence the information transmission of atmospheric laser communication system, increase the bit error rate, and reduce the information transmission reliability. Under the atmospheric attenuation effect, according to the relation of atmospheric transmittance and transmission distance and atmospheric visibility, this paper establishes the calculation model of bit error rate. Under the influence of atmospheric turbulence, in accordance with restricted relationship between the probability density of light intensity and the atmospheric turbulence intensity, a model of bit error rate is built. When atmospheric attenuation effect and atmospheric turbulence effect take up \ different weights in the atmospheric channel, by analysing the influence of atmospheric attenuation and atmospheric turbulence to bring about the bit error rate, a new model of bit error rate in atmospheric laser communication system is constructed. Through calculation and analysis, the results show that the main factor of influence of bit error rate is atmospheric turbulence effect; meanwhile, the impact of atmospheric attenuation is not negligible.
The Model of Atmospheric Attenuation Effect
The attenuation of laser's power mainly comes from the absorption and scattering of atmospheric molecules and aerosol particles when the laser transmits horizontally through lower atmosphere in the laser communication system. Assuming that laser's wavelength is the wavelength of atmosphere communication window, we can ignore the absorption of atmospheric molecular caused by attenuation of laser's power. If the laser's wavelength is wavelength of near infrared band, the Rayleigh scattering coefficient of near infrared band is very small; we can omit the atmospheric molecular scattering bringing about attenuation of laser's power. The main component of aerosol particles is haze, and its absorption of laser's energy is very small. we can ignore absorption of aerosol particles caused by attenuation of laser's power. Therefore, we only research the scattering of aerosol particles produced the attenuation of laser's power in the lower atmosphere; the scattering is also known as the Mie scattering. In addition, the inhomogeneity of atmospheric density causes attenuation of laser's energy. With the increment of transmission distance, the more the attenuation of laser's energy, the atmospheric visibility and the transmission distance and the wavelength of laser affect the atmospheric transmittance; the atmospheric transmittance is expressed in formula (1) . (1) In (1) , is the transmission distance, is the atmospheric visibility, is the wavelength of laser, is the degree of dependence on the wavelength of light that Mie scattering brings about attenuation of optical signal, also call the correction factor, .
Because the difference of atmospheric visibility influences the size of correction factor, the calculation model of atmospheric transmittance is more scientific by using the model of correction factor from Kim [10] . The specific model of correction factor is shown as formula (2). (2) Assume that the laser beam turns into the Gaussian beam through the atmosphere. Because of the atmospheric attenuation, the intensity of laser beam changes when the laser beam reaches the photoelectric detector of receiving end; the receiving 
In (3), is the laser emission intensity, is the radial distance from laser axis, and is the radial position that the light intensity is in the laser axis.
The responsivity of photoelectric detector changes in the atmospheric laser communication system because the high laser's power illuminates photoelectric detector, or irradiation time is too long on photoelectric detector. These factors lead to melt the interior material of photoelectric detector, and make a large number of carrier breakdown photoelectric detectors. Field effect produces carrier, which eventually causes local damage of photoelectric detector, and reduces the responsivity of photoelectric detector. Therefore, in order to all-weather and work stably and reliably of atmospheric laser communication system, we select the laser's power as less than the damage threshold of photoelectric detector, which ensures the responsivity of photoelectric detector is a given responsively. The receiving laser intensity of photoelectric detector and the response degree of photoelectric detector affect the output voltage of photoelectric detector; the output voltage of photoelectric detector can be calculated by equation (4) . (4) In (4), is the given response degree of photoelectric detector.
In atmospheric laser communication system, the noise of photoelectric detector mainly comes from thermal noise. The internal electrons of an object above freezing generate thermal noise by the non-regular thermal motion; is its variance;
. is the Boltzman constant [11] ; its value is . is the equivalent noise temperature, is the bandwidth of detector's subsequent filter, and is load impedance. Assume that the output signal to noise ratio of photoelectric detector is the ratio of the output voltage of photoelectric detector to the mean value of noise voltage; it can be expressed by (5) . (5) In order to obtain the relation of the laser emission intensity, the given responsivity of photoelectric detector and the transmission distance, combine formulas (4) and (5) . The signal to noise ratio of photoelectric detector is described in formula (6) . (6) The output voltage of photoelectric detector, the mean square value of noise voltage, and the output signal to noise ratio of photoelectric detector affect the bit error rate of atmospheric laser communication system; the bit error rate model can be expressed by (7) . (7) Considering that the atmospheric attenuation brings about bit error rate of atmospheric laser communication system, we
can find that the transmission distance, the atmospheric visibility, and the laser intensity influence the bit error rate.
The Model of Atmospheric Turbulence Effect
The atmospheric turbulence makes the air density of atmosphere randomly fluctuate, while the refractive index of atmosphere affects the air density. So, the refractive index of atmosphere also varies with the change of space and time without rules. It is defined as the atmospheric turbulence effect. We use the single beam of laser to transmit signal in atmospheric laser communication system; the atmospheric turbulence effects the transmission of laser beam, and makes the light emerge flashing in the atmospheric transmission. The probability density function of laser intensity can be expressed by (8) . (8) In (8), is the light intensity of the receiving photoelectric detector.
is the logarithmic variance of fluctuation of laser intensity; it can indicate the fluctuation degree of laser intensity.
If the laser beam is a plane wave, the transmission of laser beam is horizontal, and the logarithmic variance of fluctuation of laser intensity can be acquired by (9) . (9) In (9), is the atmospheric refractive index, is the optical wave number, and [5, 12] .
The weak atmospheric turbulence affects the communication quality of atmospheric laser communication system. We combine formula (8) with (9) . Consider the weak atmospheric turbulence; the probability density function of laser intensity can be described by (10) . (10) The atmospheric turbulence effect causes random fluctuation of atmospheric refractive index and makes the scintillation of receiving optical signal. We think that the atmospheric laser communication system brings about random noise, and increases bit error rate. The logarithmic intensity fluctuation is shown in formula (11) . (11) In (12), is the amplitude of light wave without atmospheric turbulence, is the amplitude of noise with atmospheric turbulence, and is the ratio of the amplitude of noise to the amplitude of signal. .
The atmospheric turbulence influences the atmospheric laser communication system. The signal to noise ratio of receiving photoelectric detector is the ratio of the laser emission intensity to the average intensity of noise; the signal to noise ratio can be written as formula (12) . (12) In (12) , is the average intensity of noise in the atmospheric laser communication system. 
In the case of weak atmospheric turbulence, the noise is relatively small. Assume that , because of , , combine formulas (9) and (12) . The signal to noise ratio can be shown as formula (13).
Assume that the atmospheric laser communication system is the OOK intensity modulation; the system noise is the zero mean Gaussian white noise, and the bit error rate is gained by formula (14).
(14)
The bit error rate is related to the transmission distance and the atmospheric visibility and the laser intensity. Formula (15) combines formulas (8) , (13) and (14).
(15)
The Model of Bit Error Rate of Atmospheric Laser Communication System
In the atmospheric laser communication system, laser generates the scattering of aerosol particles under the transmission of lower atmosphere. The scattering of aerosol particles causes attenuation of laser's power in the atmospheric transmission. With the increment of transmission distance and the attenuation of laser's power exponential decay, this is atmosphere attenuation effect. The atmospheric turbulence causes the refractive index of atmosphere to vary with space and time without rules, forming the atmospheric turbulence effect. The atmospheric turbulence effect causes the light wave to fluctuate in the atmospheric transmission, making the laser intensity's fluctuate. The attenuation of laser's power and the fluctuation of laser intensity affect bit error rate; therefore, we must concern the atmospheric attenuation effect and atmospheric turbulence effect. The new model of bit error rate can be written as formula (16).
(16)
In (16), is the weighting of atmospheric attenuation effect that laser transmit in the atmosphere, and is the weighting of atmospheric turbulence effect that laser transmit in the atmosphere.
.
In order to comprehensively analyze the bit error rate of atmospheric laser communication system, combine formulas (7), (15) and (16); formula (17) shows the result.
(17) From (17), it can be seen that bit error rate is related to transmission distance, atmospheric visibility, laser intensity, atmospheric structure constant, and te wavelength of laser. 
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Calculation and Analysis
In the atmospheric laser communication system, in order to keep the laser's wavelength in the atmospheric window, assume that the laser's wavelength is 1 to . The responsivity of photoelectric detector is . The highest laser's power is10W, and the weak atmospheric turbulence intensity is to . We calculate and analyze the relation of bit error rate, atmospheric visibility and transmission distance, and laser intensity under atmospheric attenuation effect. We obtain and analyze the relation of bit error rate, atmospheric structure constants, and laser's wavelength under atmospheric turbulence effect. Considering atmospheric attenuation effect and atmospheric turbulence effect in the atmospheric laser communication system, we analyze the rule of bit error rate.
According to equation (7), we find that atmospheric visibility and transmission distance and laser intensity affect the bit error rate under atmospheric attenuation. Figure 1 shows the relationship between bit error rate and transmission distanc when atmospheric visibility is 0.4km, 3km, 6.5km respectively. Figure 2 analyzes the relation of bit error rate and transmission distance when the laser intensity is , , respectively. It can be seen from Figure 1 that the longer the transmission distance, the higher the bit error rate; otherwise, the lower the bit error rate. The transmission distance of atmospheric laser communication system is unchanged; the greater the atmospheric visibility, the lower the bit error rate. When atmospheric visibility is 6.5km, the transmission distance is 5km and the bit error rate is about . Figure 2 . The curve of bit error rate and transmission distance under different laser intensity
As seen from Figure 2 , with the increment of laser intensity, the bit error rate gradually decreases. In the case of ensuring a certain bit error rate of the atmospheric laser communication system, the higher the laser intensity, the longer the transmission distance. When laser intensity is , the transmission distance is 5km and bit error rate is about .
Thus, if we only focus on the affect of atmospheric attenuation, when the transmission distance is 5km, the smaller the laser intensity and the bigger the bit error rate. In order to reduce the bit error rate, increase the laser emission power to achieve the purpose of improving laser intensity.
Based on formula (15), we discover that atmospheric turbulence intensity, laser's wavelength and transmission distance If the atmospheric turbulence intensity is  ,  , respectively, we gain the curve of bit error rate and transmission distance under different atmospheric turbulence intensity, as shown in Figure 3 . If laser's wavelength is , , respectively, we calculate the curve of bit error rate and transmission distance under different laser's wavelength, as shown in Figure 4 .
expresses the atmospheric turbulence intensity in Figure 3 . Figure 3 . The curve of bit error rate and transmission distance under different atmospheric turbulence intensity Figure 3 shows that bit error rate increases with the increase of transmission distance; the larger the atmospheric turbulence intensity, the bigger the bit error rate. When atmospheric turbulence intensity is , the transmission distance is 5km, bit error rate is about 1.4×10 -3 . Figure 4 . The curve of bit error rate and transmission distance under different laser's wavelength Figure 4 illustrates that the bigger the laser's wavelength, the smaller the bit error rate. When the laser's wavelength is , the transmission distance is 5km and bit error rate is about .
To ensure a certain bit error rate, we can increase wavelength by using multi-wavelength of laser, reduce the bit error rate, and effectively improve the transmission distance of atmospheric laser communication system. According to formula (17), assuming that the atmospheric transmission channel has atmospheric attenuation effect and atmospheric turbulence effect, atmospheric attenuation and atmospheric turbulence respectively occupy a certain weighting in the atmospheric transmission channel. We quantitative analyze the different weighting of atmospheric attenuation effect and atmospheric turbulence effect that bring about the bit error rate. Figure 5 shows the curve of bit error rate of atmospheric laser communication system when the weighting of atmospheric attenuation is 0.2 and the weighting of atmospheric turbulence is 0.8, when the weighting of atmospheric attenuation is 0.5 and the weighting of atmospheric turbulence is 0.5, or when the weighting of atmospheric attenuation is 0.8 and the weighting of atmospheric turbulence is 0.2.
The bit error rate of atmospheric laser communication system is not only related to the atmospheric attenuation effect and the atmospheric turbulence effect, but also related to the weighting of atmospheric attenuation effect and the weighting of atmospheric turbulence effect. If the transmission distance is 5km, the weighting of atmospheric attenuation is 0.2, the weighting of atmospheric turbulence is 0.8 and the bit error rate is about . But the weighting of atmospheric attenuation is 0.8, the weighting of atmospheric turbulence is 0.2, and the bit error rate is about . Through quantitative calculations and analysis, we can observe that the bigger the weighting of atmospheric turbulence, the higher the bit error rate, and the atmospheric turbulence has greater impact. But, we cannot ignore the effects of atmospheric attenuation. Considering the influence of atmospheric attenuation and atmospheric turbulence, we establish the model of bit error rate to obtain scientific 
Conclusions
This paper analyses the influencing factors of atmospheric laser communication system, under the atmospheric attenuation effect. We give the calculation model of atmospheric transmittance and transmission distance and atmospheric visibility, and establish the correlation function of bit error rate and transmission distance and atmospheric visibility and laser intensity. Under the atmospheric turbulence effect, according to the logarithmic variance of intensity's fluctuation, we obtain the relationship between the probability density function of light intensity and the signal to noise ratio of photoelectric detector. We set up the relation of bit error rate and the logarithmic variance of intensity's fluctuation, and analyze the relation of the bit error rate and the intensity of atmospheric turbulence and the wavelength of laser. Considering the atmospheric attenuation effect and the atmospheric turbulence effect simultaneously exist in the atmospheric channel, we deduce the mathematical model of bit error rate of atmospheric laser communication system. This paper establishes the model of bit error rate to improve the accuracy of transmission information of atmospheric laser communication system, and provides analysis basis for laser communication system.
